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ABSTRACT 


~A.  * j'ec*nt  study  determined  that  most  of  the  terminal  requirements  for  military 

CAI  applications  can  be  satisfied  with  mainstream  commercial  terminals.  Additional 
development,  however,  is  likely  to  be  required  to  satisfy  two  of  the  capabilities  (limited 
graphics  and  prerecorded  visuals).  The  expected  architecture  of  commercial  terminals  will 
make  it  easy  to  modify  and  customize  them  tc  meet  all  the  identified  CAI  needs  The 
military  community  is  also  expected  to  use  computer  networks  to  satisfy  an  appreciable 
portion  of  its  requirements.  Commercial  terminals  and  available  computer  networks 
provide  the  basis  for  an  effective  and  economical  user  interface  to  military  CAI  systems. 
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ABSTRACT 

A recent  needs  study  determined  that  most  of  the  terminal  requirements  for  military 
CAI  applications  can  be  satisfied  with  mainstream  commercial  terminals.  Additional 
development,  however,  is  likely  to  be  required  to  satisfy  two  of  the  capabilities  (limited 
graphics  and  prerecorded  visual'-'  The  expected  architecture  of  commercial  terminals  will 
make  it  easy  to  modify  and  customize  them  to  meet  all  the  identified  CAI  needs.  The 
military  community  is  also  expected  to  use  computer  networks  to  satisfy  an  appreciable 
portion  of  its  requirements.  Commercial  terminals  and  available  computer  network* 
provide  the  basis  for  an  effective  and  economical  user  interface  to  military  CAI  systems. 
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INTRODUCTION 

As  part  of  an  ongoing  interest  by  ARPA  HRRO  in  Computer-aided  Instruction  (CAI)  for  the 
military  environment,  a study  was  initiated  to  determine  the  user-interface  (terminal) 
subsystem  needs  in  CAI  for  the  1980’s  and  to  provide  a functional  terminal  design  to 
satisfy  these  needs.  The  needs  study,  performed  by  the  Annenberg  School  of 
Communications  (USC)  in  conjunction  with  ISI,  is  detailed  i>i  Ref.  1.  A portion  of  the 
study’s  conclusions  indicated  that 

1.  Development  of  new  terminal  capabilities  for  military  CAI  is  a low-priority 
concern. 

2.  The  capabilities  of  existing  terminals  (such  as  the  plasma  terminal  used  in 
PLATO)  will  suffice  for  the  near  future. 

3.  Commercially  developed  terminals  will  satisfy  the  dominant  military  CAI  needs  in 
the  1980’s. 

The  following  document  will  discuss  the  functional  requirements  as  well  as  the  te'mintl 
design  and  architecture  needed  to  implement  the  required  capabilities.  In  light  cf  the 
conclusions  expressed  in  Ref.  1 it  is  nonproductive  to  repeat  the  functional  capabilities 
available  on  existing  terminals  or  to  discuss  an  alternate  implementation  design. 
Commercial  development  of  terminals  will  satisfy  most  of  the  stated  CAI  requirements,  and 
little  new  terminal  development  is  required.  It  appears  that  a more  interesting  and 
productive  approach  to  conclude  the  design  portion  of  this  study  is  tc  discuss  the 
expected  architecture  and  capabilities  of  commercial  terminals  now  in  development.  This 
approach  win  justify  the  conclusion  that  these  terminals  satisfy  military  CAI  needs  and 
demonstrate  how  one  might  advantageously  use  the  flexibility  of  modern  terminal 
architecture.  The  question  being  cc^-idered,  then,  is  ’How  can  the  military  adapt 
commercial  terminals  of  the  1980‘s  to  needs?’  A related  question  answered  by  this 
document  is  "Given  a large  number  of  general- purpose  commercially  available  on-line 
terminals  in  the  military  community,  how  can  terminals  be  customized  to  satisfy  CAI 
needs?" 

This  document  discusses  1)  the  architecture  of  the  expected  commercially  available 
terminals  for  the  late  1970’s  in  the  context  Of  military  CAI  and  other  DoD  requirements,  2) 
the  flexibility  of  this  architecture  and  methods  for  satisfying  the  stated  CAI  needs  and 
desires  with  potential  economic  saving.,  and  3)  the  required  development  effort  to  satisfy 
all  the  stated  needs. 

FUNCTIONAL  REQUIREMENTS 

The  results  of  Ref.  1 suggest  a set  of  functions  much  like  the  capabilities  of  the  plasma 
terminal  currently  in  use  with  the  PLATO  CAI  system:  alphanumeric  keyboard  with  special 
function  keys,  visual  electronic  output  device  with  multiple  character  sets,  limi^jd  graphics, 
touch  panel  inputs,  prerecorded  visuals,  prerecorded  voice  control  device,  and  adapter  for 
control  of  other  external  devices.  While  the  functional  capabilities  (as  seen  by  the  user) 
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of  the  plasma  terminal  and  the  terminal  discussed  in  this  document  are  the  same,  the 
implementation  differences  and  the  consequences  of  these  differences  are  significant. 

Several  functions  were  given  low  priority  by  the  experts:  complex  graphics, 
high-resolution  stored  visuals,  spoken  inputs,  large-capacity  displays  (4000  characters  or 
more),  color,  3-D,  and  computer -composed  spaech.  There!  >re,  these  functions  are  r«ot 
considered  in  the  discussions  to  follow. 

A limited  stand-alone  capability,  which  is  considered  by  this  author  to  have  p high  payoff 
in  the  CAI  environment,  was  judged  desirable  by  a few  of  the  experts;  it  is  therefore 
considered  as  part  of  the  impler  sntation  discussed.  The  intent  of  this  discussion  is  to 
provide  the  reader  with  a feeling  of  the  power  of  the  stand-alone  capability,  not  to  imply 
that  tho  study  conclusions  addressed  the  question  of  the  desired  stand-alone  capabilities. 

ARCHITECTURE  OF  TERMINALS 

A recent  innovation  in  the  implementation  of  commercial  terminals  is  the  use  of  a 
microprocessor  unit  (MPU)  LSi  chip  controller.  This  technology  is  flexible  and  economical 
and  can  bo  expected  to  improve  continually.  Because  the  market  for  commercial  terminals 
is  not  monolithic,  considerable  customizing  is  required  to  satisfy  the  needs  of  the  various 
segments.  By  using  an  MPU  and  developing  a software  capability,  the  vendor  can  quickly 
and  economically  satisfy  a large  spectrum  of  user  requirements  and  minimize  the  amount  of 
random  hardware  logic  design.  Current  trends  strongly  tend  toward  using  the  MPU  for  a 
terminal  controller;  »t  is  to  be  expected  that  all  terminals  in  the  late  1970’s  will  adopt  this 
architecture. 

The  terminal  architecture  is  typified  by  the  functional  block  diagram  of  Figure  1.  The  MPU 
with  its  associated  memory  and  interface  logic  is  used  to  handle  data  flow  between  the 
input  devices  and  output  (primarily  display).  The  MPU  therefore  provides  complicated 
logic  between  the  various  I/O  devices  by  interpreting  data  and  instructions  within  a data 
stream.  The  design  also  has  the  desirable  fea‘ure  that  all  I/O  interfaces  are  standardized; 
1)  serial  bit  st'Cam  with  communication  logic  conforms  to  RS232  EIA  conventions,  2)  slow 
speed  I/O  conforms  to  the  I/O  bus  protocol  of  the  MPU,  and  3)  fast  I/O  devices  (such  as 
the  display  generator)  conform  to  memory  (direct  memory-access)  logic.  Most  I/O  devices 
can  be  satisfied  by  the  MPU  I/O  bus,  which  can  accommodate  large  and  varying  numbers  o> 
devices  with  the  appropriate  software  (or  firmware). 

The  flexibility  of  the  MPU  controller  is  self-evident:  it  is  in  fact  a general-purpose 
computer.  The  LSI  chip,  the  MPU,  is  a computer  with  limited  instruction  set  and  limited 
address  space.  It  is  typically  slow  (microseconds  for  execution  time).  When  used  as  a 
controller,  the  MPU  will  typically  operate  from  ROMs  (Read  Only  Memory)  or  PROMs 
(Programmable  ROMs)  and  becomes  more  rigid  in  its  ability  to  change  a process  (contrr-l 
memory)  so  that  the  programs  are  often  called  firmware.  The  MPU,  however,  works  as 
effectively  from  RAMs  (Random  Access  Memory)  programmed  as  a conventional  computer. 
Economics  dictates  the  use  of  ROM  rather  then  RAM  when  these  processors  are  used  as 
controllers.  For  the  usual  controller  environment,  where  a set  of  predefined  tasks  is 
required,  the  lack  of  run-time  flexibility  simplifies  the  device,  from  the  user’s  point  of 


view,  and  thus  may  be  more  desirable.  The  ability  to  customize  the  controller  for 
variations  in  the  user’s  environment  requires  the  vendor  to  develop  a capability  for 
creating  and  debugging  firmware  in  an  economical  manner:  the  computer  programming 
problem  revisited. 

CAP  ABILITIES  OF  BASIC  TERMINALS 


The  terminals  available  from  commercial  vendors  in  tt  ' late  1970’s  will  have  many,  but  not 
ail,  of  the  functional  capabilities  sei  forth  as  CAi  terminal  requirements.  Some  mainstream 
commercial  terminals  availaK!e  today  h*ve  most  of  these  capabilities.  The  display  will 
probably  be  video  on  a cathode  ray  tube  with  a display  format  of  about  25  lines  of  80 
characters  per  line.  The  video  generation  is  performed  "on-the-fly,  refreshing  the 
display  from  character  memory,  and  does  not  usually  employ  * bit  map  memory  (a  bit  of 
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memory  for  each  e^meot  of  the  di.play),  which  m nim^es  the  capacity  of  refresh  memory 
The  display  generator  can  ooera'e  with  multiple  cnaracter  sets  (at  least  ‘our)  which  can  oe 
custom. zed  to  individual  needs  Character  descr  pt  on  merrory  can  use  loadable  RAM 
equally  well.  The  video  display  a so  has  enhancement  cap.ibii  ties.  Dimming  and  underlmmg 
of  characters,  half  bright  and  -e.erse  video  The  Ke,Doara  s ASCII  conpahble  a so  easily 
customized)  It  is  imp'emented  in  typewr.ter  e and  also  con'a  ns  function  Keys,  a 
n jmeric  pad,  and  special  editing  and  disp  ay  function  Keys  A var  ety  of  stanc-a  one 
(off-line)  capabilities  can  also  be  expected,  ncljumg  text  ed  ‘ nr  ‘eatures,  *ape  casse'te 
control,  a d a self-tes*  capaoi  t,  Most  important  for  this  discuss  on,  the  terminal  has  the 
ability  to  expand  the  memory  space  and  I/O  dev,ces  on  the  MPU  bus.  The  complement  of 
standard  and  optional  1/0  oe  res  includes  tape  cassette,  printer,  communication  line 
interface,  and  a generalized  pa'al'ei  I/O  socket  ‘or  unspecified  de/.ces  v hicn  can  operate 
with  the  protocols  of  the  MPU  I/O  Dus 

Four  required  capabilities  not  generally  D'Ov  ded  b,  the  commerc  a terminal  vendor  are 
the  prerecorded  visuals,  the  prerecorded  voice  ce  ce,  the  tojco  pane  , and  limited 
graphics.  The  voice  output  ana  ’ouch  pane  input  (to  a lesser  degree)  are  not  significant 
problems,  since  they  are  a a able  as  of’-the-snef  itemr  and  requ  re  on  y logical 
connection  to  the  I/O  bus  of  the  'erm  nal.  Repackaging  o‘  the  c ce  Output  unit  for  proper 

physical  attachments  and  aesthe*  cs  does  not  requ  re  a sign  f cant  amount  of  de  e opment 

worK.  RepacKagmg  the  touch  panel  may  requ  re  some  de.eoprient  effort  but  'S  not 
considered  difficult  or  major  by  the  author.  Moo '.cations  or  redes  gn  of  the  interface 
logic  for  compatibility  with  the  l/C  bus  is  also  a rout  -e  implementat  on  prob  em  The  two 
capabilities  requiring  development  effort,  which  ma>  require  DcD  'ncenhves,  are  the  ' m>ted 
graph  cs  and  prerecorded  visuals.  The  implementation  of  these  capab'l  t es  is  d'seussed  n 
the  latte  part  of  the  report. 

The  potential  capability  whic.i  coulH  provide  max  mum  payoff  is  the  MPU  and  ts  use  in  the 
terminal.  The  MPU  controller  provides  a means  of  providing  flexibility,  modularity,  and 
maintainability  at  minimum  costs  All  I/O  devices  nterfac^  the  MR!  ous  and  function  with 
the  firmware  (or  software)  provided  by  the  designer,  minm  zing  hard-wired  'ogic  and 
multiple  I/O  interfaces  The  po  er  of  the  MPU,  re  atively  untested  s m ts  ability  to 

expand  with  f rmware,  prov  d ng  new  terrmna  capabilities,  including  some  nontrivial 

stand-alone  functions.  This  power  is  directly  reated  to  the  MPU  ana  its  speed  and 
address  space  and  the  termina  's  capability  to  accommodate  the  required  memory  and  I/O 
devices. 

MICROPROCESSOR  DESCRIPTIO V 

Microprocessor  technology  is  m a state  of  flux  and  is  difficult  to  define  for  the  time  period 
being  considered  (1980).  Today’s  capabilities  could  be  judged  related  to  a number  of 
different  currently  announced  microprocessors,  although  the  conclusions  stated  throughout 
the  report  will  be  based  on  the  Intel  8080  This  selection  v as  made  because  of 
convenience,  Knowledge  of  the  unit,  availability  of  information,  etc.,  not  because  it  has 
been  concluded  to  be  the  best  available  or  the  best  for  the  tasK.  It  has  been  selected  by 
some  terminal  manufacturers  to  be  the  controller  of  the  next-generation  display  and  is 
representative  of  today’s  technology.  The  8080  is  an  8-bit,  n-channel  MOS,  LSI, 
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single-chip  microprocessor.  It  contains  an  Arithmetic  Logic  Unit  (ALU),  12  general 
registers,  stack  pointer  and  program  counter,  address  and  data  buffers,  and  timing  and 
control  logic.  The  8080  has  a typical  instruction  time  of  2 microseconds,  supports  a 
single-level  Interrupt  (with  support  logic  tc  easily  handle  multiple  level  interrupts),  and 
provides  for  64K  bytes  of  address  soace.  Intel  also  provides  support  components— RAM, 
ROM,  PROM,  I/O  handlers,  etc.— to  tailor  systems  to  specific  needs  and  advertises  software 
development  support  to  implement  appropriate  firmware  (the  microprocessor  programs). 
The  estimates  for  controlling  the  above  described  basic  terminal  is  8K  bytes  of  program 
space  with  2K  to  4<  bytes  of  display  d;.ta  space  (refresh  memory).  This  allows  up  to  52K 
bytes  of  memory  for  the  imp'en.entation  oi  additional  features.  The  microprocessor 
technology  is  in  its  infancy,  and  much  development  can  be  anticipated  for  the  basic 
processor  and  the  computer  system  components  be  ng  developed.  The  larger 
microprocessor  systems  will  be  competing  with  today’s  minicomputer  systems  and  this 
development  can  have  an  impact  on  CAI  systems  and  the  terminal  by  helping  to  develop 
the  required  software  tools. 

STAND-ALDSE  CAPABILITIES  OF  THE  BASIC  TERMINAL 

The  basic  terminal  has  some  stand-alone  (off-line)  capabilities  which  affect  its  performance 
in  the  CAI  application.  One,  which  is  long  needed  for  all  terminals,  is  a self-test  program. 
A special  function  key  init  ates  the  execution  of  a program  within  the  ROM  which  tests 
most  or  all  the  modules  (or  printed  circuit  boards)  and  reports  (usually  on  the  output 
screen)  the  results  of  the  test.  This  module  requires  a small  amount  of  code  and  does  a 
credible  job  of  improving  the  maintainability  of  the  terir.inals.  Self-test  checks  the  ROM 
and  RAM,  the  two  traditionally  unreliable  elements  (as  well  as  other  modules),  and 
represents  a significant  step  in  the  right  direction  of  terminal  maintenance. 

A second  stand-alone  capability  of  the  basic  terminal  with  a potential  impact  on  the  CAI 
system  design  is  extended  digital  macs  memory  in  the  form  of  tape  cassettes.  The 
intended  market  for  this  caoafcility  is  off-line  text  preparation,  editing,  etc.  for  eventual 
transmission  to  a computer.  The  basic  capabilities  of  reaaing  and  writing  tape  cassettes 
can  also  be  used  to  load  programs  for  MPU  execution.  The  assumption  that  a loader  exists 
is  valid,  for  most  terminals  implement  a loader  for  diagnostic  purposes.  A single  tape 
cassette  has  a capacity  of  100,000  to  500,000  bytes  (8  bits)  of  data  with  transfer  rates 
from  5000  to  10,000  bytes  per  second  depending  on  the  vendor  and  terminal.  Therefore 
the  capacity  of  loading  programs  (or  lessons)  from  tape,  prepared  and  mailed  at  some 
central  location  or  fro'i  communication  lines  at  user’s  discretion,  exists  in  the  basic 
terminal.  The  terminal  therefore  has  all  the  attributes  (MPU,  RAM,  and  mass  storage)  of  a 
stand-alone  capability. 

The  significance  of  a stand-alone  capability  and  the  preparation  of  courseware  for  CAI  in 
this  nr  ode  is  beyond  the  scope  of  this  study.  One  can  speculate,  however,  that  several 
valid  Kinds  of  capabilities  could  provide  some  payoff  (for  example,  lessons  to  aid  the  user 
in  becoming  acquainted  with  the  terminal,  the  CAI  computer  system,  or  in  monitoring  user 
actions  in  using  courseware  at  a remote  host  computer).  The  local  capability  could  also  be 
used  to  personalize  the  terminal  for  the  individual  user,  or  specific  lesson,  or  to  aid  in 
preparing  lessons  by  enhancing  the  terminal’s  editing  and  text  preparation  capabilities. 
Using  the  terminal’s  stand-alone  capability  merits  additional  study  and  consideration. 
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The  commercial  terminal  described  above  is  representative  of  the  expected  terminal  of  the 
1970’s.  One  can  anticipate  terminals  wi'.h  more  capabilities  thin  those  described, 
especially  within  the  microprocessor  controller  and  the  kind  of  "smarts"  implemented  to 
enhance  specific  user  applications.  A new  industry  is  growing  around  small  turnkey 
microcomputer  systems  (built  within  a terminal)  for  specific  users,  i.e.,  car  salesmen,  banK 
tellers,  point -of-sale  devices,  etc.  The  field  is  in  its  infancy  but  the  competitiveness  w.ll 
produce  innovations  that  could  significantly  affect  all  terminals. 

MILITARY  ENVIRONMENT 

The  use  of  on-line  terminals  within  the  military  environment  is  sharply  increasing,  and 
current  estimates  indicate  that  more  than  80,000  will  be  in  use  by  1985  (see  Appendix) 
These  terminals  are  being  used  for  general-purpose  tasks  of  'ile  updating,  doc  mentation 
preparation,  message  handling,  and  general  scientific  computation  as  well  as  the  traditional 
dedicated  system  terminals  for  command  and  control,  air  defense  and  traffic  control,  secure 
systems,  etc.  The  trend,  -ignificant  to  this  discussion,  is  the  use  of  terminals  via  networks 
to  host  computers  for  a variety  of  tasks  by  a variety  of  people  The  authors 
expectations  are  that  these  terminals  w'l  be  the  basic  terminal  described  m the  preceding 
paragraphs,  available  from  commercial  vendors.  These  conclusions  are  based  on  current  y 
authorized  procurements  of  terminals  and  computers  and  current  implementation  plans  of 
the  Defense  Communication  Agency  (DCA)  <or  networks  to  handle  the  data  traffic.  DCA  is 
currently  the  manager  of  the  ARPANET  and  lias  initiated  a Request  for  Proposals s or 
design  and  implementation  of  an  AUTOOIN-like  communication  system  using  ARPANET 
technology  (store-and-forward  packet-switched  data  handling  systems).  Also  being 
implemented  are  systems  utilizing  the  ARPANET  and  its  Host  computers  (National  Software 
Works,  or  NSW)  to  provide  user  tools  for  specific  tasks  such  as  text  editing,  programming, 
data  base  accessing,  etc.  The  trend  of  military  computer  use  is  toward  on-line 
generalization  and  providing  computer  resources  at  the  base  level  for  widespread  use  and 
availability.  CAI  for  the  military  is  certainty  an  appropriate  user  candidate  to  ta  e 
advantage  of  the  existing  and  planned  resources  for  computer  usage. 

C/ll  TFRM INALS 

Assuning  the  general  availability  of  the  basic  terminal  which  satisfies  most  of  the  CAI 
requirements,  how  does  one  implement  the  specified  CAI  terminal’  The  basic  terminal  has 
modular  construction  with  well-defined  limits  of  expansion.  As  additional  capabilities  are 
required,  modules  are  plugged  into  the  basic  unit,  which  provides  a genera!  I/O  '"terface 
or  specific  control  for  the  device  being  appended.  The  block  oiagram  of  the  desired  C 
terminal  is  shown  in  Figure  2.  It  is  highly  probable  that  the  terminal  vendor  will  consider 
expansion  of  memory  to  maximum  address  space  and  provide  the  appropriate  space, 
power,  and  cooling.  The  ability  to  add  several  I/O  devices  without  extensive  modification 
to  the  packaging  of  the  terminal  remains  questionable.  Should  this  pose  a problem,  t e 
obvious  solution  is  to  provide  a single  I/O  multiplexor  interface  unit  within  the  terminal 
which  will  allow  the  addition  of  several  new  devices  through  an  external  box.  he  touch 
panel  and  prerecorded  voice  devices  require  relatively  simple  bus  interface  for  M.  U 

control. 
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Figure  2 


Functional  block  diagram  of  the  CAI  terminal 


The  interface  of  prerecorded  visuals  requires  some  additional  study,  for  within  the  more 
obvious  design  approaches  one  is  confronted  with  several  options  affecting  the  display 
function.  The  two  obvious  devices  for  prrviding  the  prerecorded  media  are  microfilm  in  a 
Random  Access  Projector  (RAP)  or  magnetic  tape  or  disk  in  an  inexpensive  TV  recorder 
(TVR).  For  the  RAP  the  problem  is  the  projecting  surface  of  the  display.  The  problem 
disappears  if  one  uses  a plasma  type  display  surface,  although  the  mainstream  commercial 
vendors  are  not  using  the  large  plasma  panel  for  economic  reasons. 


W" 
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A means  of  providing  the  RAP  capability  with  a video  display  is  the  use  of  an  optical  flat 
(port)  on  the  cathode  ray  tube  (CRT).  This  allows  rear  projection  of  images  on  the 
phosphor  snd  face  plate  of  the  CRT;  it  is  a technique  being  used  in  several  special  military 
displays.  The  disadvantage  of  this  technique  is  the  h:^  cost  and  limited  availability  of  the 
customized  CRT-  (Typically  these  CRTs  cost  from  $500  to  $1000  each  and  may  require 
tooling  of  from  $6000  to  $7000,  if  the  glass  bulb  required  is  not  in  current  inventories.) 

[ 

A TVR  it  a good  candidate  for  providing  the  image  storage  medium.  It  is  economical  and 
easily  integrated  into  the  terminal.  A video  input  line  to  the  display  section  and  normal 
I/O  bus  control  is  all  that  is  required.  However,  in  an  effort  to  improve  the  quality  of 
characters  displayed,  or  to  provide  additional  character  capacity  on  the  screen,  several 
terminal  manufacturers  have  selected  higher-resolution,  higher-bandwidth  video,  not 
compatible  with  the  normal  American  TV  standard  of  525  lines,  30  times  per  second. 
Therefore,  in  selecting  a video  device  one  has  the  option  of  choosing  a lower  resolution 
terminal  display  or  finding  (or  modifying)  a compatible  video  device  to  interface  the 
terminal  display.  The  foreign  TV  market  uses  higher  resolution  systems,  providing  a 
market  for  the  inexpensive  TVR  devices  being  considered  and  may  be  available  at  the 
required  video  bandwidth.  A TVR  can  also  be  used  to  satisfy  the  prerecorded  voice 
output  requirement.  Both  the  TVR  and  RAP  require  a simple  I/O  bus  interface  for  control. 

Limited  graphics,  typically  defined  as  inexpensive  (adding  less  than  $1000  to  the  cost  of 
the  terminal),  makes  it  possible  to  plot  points,  as  well  as  to  draw  vectors  and  (sometimes) 
patches.  One  technique  for  achieving  a subset  of  these  capabilities  is  with  special  line 
drawing  character  sets  to  provide  vertical  and  horizontal  lines  and  special  block  type 
symbols.  Although  inexpensive,  this  capability  is  probably  too  limiting  for  CAI 
requirements. 

[ 

The  implementation  of  a limited  graphics  capabilities  for  video  terminals  requires  incentives 
to  design  and  develop  the  proper  module(s).  The  commercial  market  for  the  basic  terminal 
does  not  seem  to  require  graphics.  Most  graphic  requirements  can  be  satisfied  only  with 
the  more  expensive  terminals  (greater  than  $10,000)  or  with  the  clustered  terminal 
systems  (a  controller  driving  several  terminals),  which  are  not  being  considered  as  a viable 
option  for  the  CAI  environment.  Two  vendors  of  basic  terminals  (Burroughs  and 
Hewlett-Packard)  considered  limited  graphics  as  an  optional  capability  with  their  terminal, 
and  paper  designs  were  completed  but  never  implemented  because  of  lack  of  interest  by 
the  potential  market.*  The  feasibility  of  implementing  inexpensive  graphics  for  video  type 
displays  is,  however,  confirmed. 

The  design  of  a graphics  module  to  plug  into  the  basic  terminal  is  the  most  challenging  of 
all  the  development  efforts  being  considered.  It  functionally  resembles  the  character 
generator,  but  is  more  complex  and  operates  at  higher  speeds.  The  vector  generator 
interfaces  the  memory  bus  and  operates  on  vector  order  codes,  prepared  and  stored  in 
RAM  by  the  MPU,  to  produce  video.  The  video  is  electrically  “ORed"  to  the  character 
generator  video  to  produce  the  image  on  the  CRT.  The  graphics  commands  should  be 
compatible  with  ARPANET  graphics  protocols  (Ref.  2). 

a Private  communication. 
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The  characteristics  of  an  on-tho-fly  vector  generator  for  a video  terminal  produce  some 
unusual  design  compromises.  "On-the-fly"  is  defined  as  regenerating  the  video  from  a 
memory  containing  the  vector  commands  for  each  frame  time  (60  times  per  second),  much 
like  the  character  refresh  of  these  displays.  A paper  design  by  the  author  produced 
compromises  that  limit  the  number  of  vectors  crossing  one  TV  scan  iv  128  (individual 
vector  descripiors).  The  compromise  is  mentioned  only  to  demonsvrate  the  types  Of 
design  decisions  one  might  expect  in  providing  a vector  generator  for  video  displays.  The 
limit  of  128  vectors  crossing  a scan  line  is  not  too  severe  for  most  applications. 

Another  requirement  to  produce  graphics  is  "patches,*  the  ability  to  produce  shaded 
sections  as  outlined  by  the  vectors.  Patch  (half-tone-paint  effect)  plus  a half  bright  video 
control  provides  an  effective  animation  and  adds  depth  to  the  presentation.  Within  the 
design  of  a video  vector  generator,  patches  are  easily  implemented. 

CONCLUSIONS 

The  terminals  required  by  the  military  CAI  system  developers  can  be  acquired  from 
vendors  of  commercial  terminals  without  a significant  amount  of  development  effort.  In 
general,  the  CA!  terminal  requirements  are  not  unique  or  very  demanding  of  the 
off-the-shelf  terminals  available  in  the  late  1970’s.  Two  capabilities  requring  military 
incentives  for  development  and  implementation  with  these  terminals  are  a limited  graphics 
and  prerecorded  visuals.  The  architecture  of  the  off-the-shelf  terminal,  a microprocessor 
controller,  will  facilitate  the  integration  of  these  and  other  future  capabilities,  for  it  is 
consistent  with  the  design  goal  of  providing  customized  terminals.  Tl.is  capability  could 
provide  the  greatest  economic  impact  for  military  CAI,  for  it  makes  possible  cooperative 
efforts  in  using  and  purchasing  terminals. 

The  ability  for  sharing  terminals  within  the  military  community  becomes  closer  to 
reality— perhaps  a necessity— as  the  proliferation  o'  these  terminals  continues  throughout 
the  military  environment.  Many  of  these  terminals  will  be  connected  to  host  computers 
via  data  communication  networks  to  provide  a large  spectrum  of  computer  services  to 
military  users.  For  CAI  to  take  advantage  of  these  resources,  future  design  efforts  within 
CAI  systems  must  be  compatible  with  the  protocols  and  data  communication  specification 
for  the  computer  network.  One  conclusion  which  can  be  deduced  from  the  above 
discussion  is  a CAI  system  design  approach  to  maximize  the  use  of  existing  computer 
services  within  the  military  community.  The  system  development  effort  can  be  limited  to 
the  integration  of  existing  computer  capabilities  to  satisfy  the  CAI  user  requirements. 

Terminal  technology  is  currently  going  through  dramatic  advances.  Today’s  terminals 
satisfy  many  CAI  needs.  With  modest  additional  development,  the  terminals  of  the  1980’s 
should  satisfy  all  the  currently  identified  CAI  needs. 
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Appendix 

EXCERPTS  FROM  INTELLIGENT  TERMINAL  REPORT 

The  following  paragraphs  : *re  excerpts,  with  permission,  from  an  unpublished  paper  for 
ARPA  on  intelligent  terminals  ty  Robert  H.  Anderson  of  The  Rand  Corporation,  December 
1974. 

Estimates  of  Data  Terminal  Needs 

The  DCA  communications  planning  document  (Ref.  3)  is  primarily  concerned  with  interbase 
data  communications  demands  in  the  1980's.  To  establish  these,  howevei,  the  ADP  plans 
of  the  individual  services  wire  examined,  which  were  existing  and  approved  (through  FY 
1978)  ADP  systems  of  the  military  services  and  other  DoD  agencies. 

In  order  to  estimate  the  number  of  on-line  computer  and  data  communications  terminals  for 
general  purpose  and  support  use  (i.s.,  excluding  special-purpose  systems)  the  DCA  plan 
categorizes  military  installations  of  the  services  on  the  basis  of  the  number  of  personnel 
on  the  installations,  and  makes  certain  assumptions  about  the  computer  systems  and  their 
functions  in  each  installation  category.  Table  1 presents  tht  se  assumptions. 

Taule  1 

OCA  Planning  Assumptions  Regarding  Interactive  Terminals 


Inetal lation 
Category 

Personnel 

Average  number  of 
On-site 

Computers  Terminals* 

Average 

Number  of  Terminal* 
For  Off-site 
Computers#* 

Large 

5.880-50.800 

10 

150 

50 

Medium 

01 tB00-4,999 

2.5 

85 

28 

Saal  1 

80-599 

0.5 

11 

11 

Very  Seal  1 

8-79 

0 

0 

4 

I nd i v i dua 1 

1-7 

0 

0 

1 

# Interactive  terminals  for  accessing  the  computers  at  the 
installation;  projected  from  Air  Force  estimates. 

##  Terminals  for  accessing  computer  systems  not  at  the  given 
installation;  OCA  estimates. 

Given  the  number  of  installations  of  each  category,  DCA  presents  the  estimates  of  total 
number  of  terminals  for  accessing  off-sits  computers  for  various  functions.  A 
representative  set  of  these  functions  is  given  in  Table  2.  The  estimated  numbers  of 
terminals  for  each  of  the  services  are  shown  in  Table  3.  These  estimates  are  based  or 
the  expectation  of  2,560  on-line,  remotely  accessible  military  computer  systems  in  the 
1985  time  period. 
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Table  2 

Representative  Computer  Functions  and  Systems 


WWMCS  Major  and  Medium  Computer  Systems 

Base  Level  Payroll  Computer 

Base  Level  Supply  Computer 

Base  Level  Personnel  and  Management  Computer 

Base  Level  Personnel  Service  Computer 

Intelligence  Support  Computer 

Regional  Logistics  Ccmputjr 

Transportation  Computer  System 

Weather  Computational  Facility 

Scientific  and  Engineering  Computation  Facility 

Education  and  Training  Management  System 

Air  Traffic  Control  Facility 

Medical  Processing  and  Resource  Information  System 
Medical  Research  Computer  Facility 
Legal  Information  Computer  Facility 
Computer  for  Military  Reserve  Activ  ities 
Test  and  Evaluation  Computer  Facility 


Table  3 

Projected  Numbers  of  Terminals,  1985 


Inetal- 
1 at  ion 

Number  of 
Instal lat ions 

Terminals  for 
Off-si te  Computers 

Terminals  for 
On-si te 
Computers 

Army 

Navy 

AF 

Army 

Navy 

AF 

Army 

Navy 

AF 

Large 

63 

39 

29 

3150 

1350 

1450 

9450 

2850 

4350 

Medium 

181 

103 

120 

5068 

2884 

3360 

15385 

9755 

10200 

Smal  1 

218 

86 

173 

2398 

946 

1803 

2398 

946 

1803 

Very 
Smal  1 

198 

40 

429 

792 

160 

1716 

0 

0 

0 

Indivi- 

dual 

22 

45 

746 

22 

45 

746 

0 

0 

0 

TOTALS 

11430 

5985 

9075 

27233 

13551 

16353 
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The  grand  totals  of  the  numbers  of  terminals  projected  for  each  of  the  services  by  1985 

ere: 


Army 

38,663 

Navy 

19,536 

Air  Force 

23,428 

Total  terminals 

83,627 

/Hr  Foret  Estimates  of  Terminal  Needs  in  1985 

Two  Air  Force  studies  of  data  communications  and  ADR  requirements  were  completed 
recently:  the  Minion  Analysis  of  Air  Force  Base  Communications  198 5 (Ref.  A)  was 
released  in  April  1974,  and  Support  of  Air  Force  Automatic  Data  Processing  Requirements 
in  the  1980's  (Ref.  5)  was  published  in  June  1974.  The  latter  in  particular  addresses  the 
future  need  for  interactive  terminals  and  estimates  the  numbers  of  such  terminals 
(including  intelligent  terminals)  for  Air  Force  base  ADR  systems.  It  is  based  on  a gener.  I 
expectation  that  the  growth  of  Air  Force  logistics  and  support  ADP  will  be  3.5  times  the 
present  capability  by  1985. 

The  SADPR-85  projections  of  terminal  needs  for  different  installations  are  given  in  Table 
4. 

Table  4 

SADPR-85  Projections  of  Air  Force  Terminal  Need* 


Average  Terminals 

per 

Total 

Instal 

1 at  ion 

Instal lation 

Termi na 

1 8 

Type 

Number 

Al  1 Types  ‘Inte 

1 1 igent’ 

Al  1 Types 

‘Intel  1 igent’ 

Large 

103 

200 

20 

20,600 

2,060 

fled  i urn 

29 

100 

10 

2,900 

290 

Smal  1 

11 

50 

5 

550 

55 

Other# 

91 

20 

2 

1,820 

182 

Totals 

25,870 

2,587 

# Air  National  Guard  and  Air  Force  Reserve  bases. 
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Smtnrntry 

Figure  3 projects  the  number  of  terminal  in  use  in  the  1980's  by  (1)  extrapolating  the 
historic  growth  rate  (from  1970  to  1973);  (2)  by  using  the  DCA  estimates  In  Table  3;  and 
(3)  by  msuming  that  other  services  have  the  same  proportional  terminal  requi'ementa  as 
the  Air  Force  (as  shown  In  Table  4). 

In  ell  cases  it  is  clear  that  large  number  of  interactive  on-line  computer  terminals  will  be 
used  in  the  military  services  in  the  1980’s  and  that  built-in  intelligence  can  make  their  use 
more  efficient  and  acceptable  to  the  user.  In  addition,  man-computer  interact  in 
weapon  systems  and  in  tactical  command-control  systems  is  becoming  an  increasingly 
critical  consideration,  and  the  operators  of  such  systems  in  aircraft,  in  ships,  or  in  the  fiold 
need  augmentation  of  terminal  capabilities  to  increase  the  effectiveness  of  the  interaction 
end,  thus,  of  the  associated  systems. 


NUMBER  OF  TERMINALS 
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